Abstract-Optical and magneto-optical properties of FexOl-x (x>0.5) oxide-metal composite films were measured in photon energy range from 1.5eV to 4eV by ellipsometry and polar Kerr effect. The observed complex reflectivity ratio Rp/Rs were compared with those calculated from anisotropic effective dielectric constant by a model that fine Fe metallic ellipsoids are precipitated in dielectric matrix (FeO). Volume fractions of metallic phase thus obtained are in good agreement with those from magnetization measurement,but depolarization factor of metallic precipitates does not explain the perpendicular magnetic anisotropy of the films. Kerr rotation angle, ek, increases linealy with average magnetization of the composite films up to 20 min for ag=IOO emu/g at photon energy 2eV. The ratio e k/ a 9 is twice as large as that for pure Fe.
INTRODUCTION
Binary FexOl-x thin films prepared by rfsputtering become ferromagnetic for x>0.5 and show perpendicular magnetic anisotropy. (1.2) They are considered to be a metal-oxide composite which composed of fine ferromagnetic Fe metal precipitate distributed in non-magnetic FeD matrix. The perpendicular magnetic anisotropy may be interpreted by internal shape effect arising from elongated fine ferromagnetic precipitate with their long axes normal to the films plane in FeO matrix. Optical properties of such composite films in which metal fine particles are suspended in dielectric matrix may be treated as continuous media with an effective dielectric constant since the metal particles are much ·less than the optical wave length. (3) According to this approach, Maxwell Garnett explained the colors of glass containing metallic particles and very thin gold or silver films with island structure. (4.5) David improved the model to get anisotropic effective dielectric constant by treating metallic particles as ellipsoids of revolution with their axes perpendicular to the film plane(6), and Yamaguchi et al. took The observed anisotropy energies in our film specimens are plotted versus the magnetization in q(e r-e0)/[l+(1-fz)(1-q)(e r-e 0)/2e0J (2) ez=e0+q(er-e0)/ [l+fz(1-q)(er-e0)/e0J (3) where fz is the depolarization factor for z direction of metal particles, and er and e 0 represent the dielectric constant of the Fe metal and FeO, respectively. The system is anisotropic except a case where fz=1/3, that is, suspended metal particles are spherical. Fresnel's reflection coefficients with incident angle e 0 for sand p polarized I ight for optically anisotropic media are expressed as follows. (10) RS= Pre   Fig-4 . Examples of observed and calculated complex reflectance ratio (p = p re+i P I m) for fz=O, 1/3, 1.
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The complex reflectance ratio Rp/Rs can be derived from the experimental results of ellipsometry. The real and imaginary part of it are plotted as a function of the wave length of light in Fig.3 .
The observed complex reflectance ratio should be compared with those estimated from Eq. (4) and Eq. (5) by inserting Eq. (3) and Eq. (4) with appropriate values for q and fz, or we may get q and fz as fitting parameters. Examples are shown in Fig. 4 , where both calculated and observed Rp/Rs are plotted in the complex plane. There are good agreement between the volume fraction of metallic phase, q, estimated from magnetization and that from ellipsometry. The depolarizing factor, fz,which is related to the shape of the metallic particles affects the calculated ratio Rp/Rs as shown in O' g (emu/g) F ig-6. Absolute value of polar Kerr rotation e k vs (J g (emu/g) at photon energy 2 and 3 eV.
fz=l (flat disk shape) rather than those with fz=O (thin needle like shape with its long axis normal to the film plane). The model adopted here might be too simplified to be successful to explain the perpendicular magnetic anisotropy. The shape of metal precipitates must be complex and their long axes have distribution, which would not necessarily give the same effects to the magnetic anisotropy and to the optical anisotropy. Polar Kerr rotation, ek, of the Fe-FeO composite films are shown in Fig.5 with in photon energy range from 1.5 to 3.0 eV. The absolute values of the rotation angles of all samples increase with decreasing photon energy same as pure metallic Fe. Oscilation seen in sample A may probablly be due to an interference effect with the reflection from the substrate. In Fig.6 the Kerr rotation angles at photon energy 2 eV and 3 eV are plotted versus the magnetization of the samples. The absolute values of e k increase linealy with the average magnetization of composite films up to 20 min for ag=100 emu/g at photon energy 2 eV. It should be noted, however, that the ratio, I e k I I a g is about twice as large as that for pure Fe •
